SUMMARY Hypotension to a mean blood pressure of 33 mmHg for periods of 70 to 187 minutes was induced by increasing the inspired halothane concentration in 11 baboons which were already anaesthetized with 0.500 halothane, nitrous oxide, and oxygen. During hypotension, cerebral blood flow, measured by Xenon clearance and by a carotid electromagnetic flowmeter, decreased by more than half, and sagittal sinus oxygen saturation was 46%. Cerebral oxygen uptake fell from 5*15 to 3-56 ml./100 g/min at this deeper level of halothane anaesthesia. Cerebral hyperaemia developed after hypotension in those animals which regained a mean blood pressure greater than 70 mmHg. Acidbase measurements on CSF from the cisterna magna revealed no metabolic acidosis during or after hypotension. In all four animals with intact autoregulation before hypotension, this was absent or impaired afterwards.
Controlled hypotension is used to diminish bleeding and to facilitate surgery. There is, however, a considerable disagreement about the safety of the technique; for example, Mayrhofer (1971) has written that: 'Induced hypotension, using ganglion-blocking drugs, should have been abandoned long ago as it is an unsafe and potentially dangerous technique', while Enderby (1972) has replied: ' We are today using this technique routinely and, moreover, have been doing so for more than 20 years'. When such divergent opinions are expressed, further investigation is indicated, and the present study was designed to elucidate the effect of controlled hypotension on cerebral blood flow, cerebral metabolism, and acid-base balance. Since it has been suggested (Nilsson and Siesjo, 1971 ) that hypotension with deep halothane anaesthesia may be safer than with other methods, because of the associated reduction in cerebral oxygen demand, it was decided to produce hypotension by this means in experimental animals.
METHODS
Eleven baboons were premedicated with phencyclidine (0-8-1-0 mg/kg) and anaesthesia was induced and maintained with halothane, nitrous oxide, and 898 oxygen. After intramuscular injection of suxamethonium (50 mg) an endotracheal tube was inserted and the animals were artificially ventilated by a Palmer pump. Muscle relaxation was maintained by injecting pancuronium (I mg) intramuscularly at half-hourly intervals. End-tidal CO2 was monitored by an infrared gas analyser and ventilation was adjusted to maintain normocapnia. Endtidal halothane was measured intermittently by an ultraviolet halothane meter. The inspired oxygen was adjusted so that PaO2 remained above 100 mmHg. The temperature of the animal was kept at 370 C by automatically controlled heating lamps.
Not all measurements were made on all animals and the animals were divided into three experimental groups as indicated in Table 1 When surgical preparation was complete, the inspired halothane concentration was reduced to 0-500 and not less than one hour later control measurements were made. The inspired halothane concentration was then increased, causing the mean arterial blood pressure (MBP) to fall below 40 mmHg over a 5 to 10 minute period. MBP was kept at this level for about two hours by adjusting the inspired halothane concentration and at the end of this period blood pressure was allowed to recover by reducing the inspired halothane. In the last six experiments autoregulation of the cerebral circulation to a rise of blood pressure was tested by infusing noradrenaline (NA) intravenously before and within an hour after deep halothane hypotension.
All results are expressed as mean ± SEM; probability values were obtained from paired t tests.
RESULTS
The mean duration of halothane hypotension and after ( A--A) the period of hypotensioni. Autoregulation judged to be present in baboons 6, 9, 10, and 11 before andpartial autoregulation in baboon 10 after (see Table 3 ). ±0-9 Values are means ± SEM.
* P < 0-025.
In the first five experiments cerebral blood flow, measured by both methods, increased above control levels in those animals which regained a mean blood pressure > 70 mmHg after the period of hypotension (Fig. 1) . In the subsequent six experiments autoregulation was tested before and after hypotension. Figure 2 shows that in animals 6, 9, 10, and lI the calculated carotid vascular resistance (CVR = MBP/CarBF) rose when the blood pressure was elevated by intravenous NA infusion during the control period and autoregulation was considered to be present. When autoregulation was again tested after the period of hypotension there was either no increase of CVR with blood pressure elevation or a lesser increase than control. There was, therefore, loss or impairment of autoregulation after deliberate hypotension. Table 3 gives the data on which Fig. 2 is based and the difference in percentage change of CVR, before and after hypotension, is statistically significant (P < 0-05, n = 6). Xenon clearance (initial slope) confirmed that CBF increased passively with blood pressure elevation in the post-hypotensive period.
The relationship between blood pressure, CarBF, and posterior fossa pressure during the control period in one animal which demonstrated autoregulation is shown in Fig. 3 (Fig. 4) . (Table 5 ).
There was no evidence of a CSF metabolic acidosis during hypotension (Table 6) Nilsson and Siesjo (1971) , who also produced hypotension by deep halothane anaesthesia but together with positive end-expiratory pressure in rats, showed only a moderate increase in anaerobic glycolysis with well-maintained high energy reserves-a finding supported by the absence of CSF metabolic acidosis in the present study.
Another factor against implicating cerebral ischaemia as the cause of the loss of autoregulation is the observation that values for cerebral venous oxygen saturation were well-maintained throughout the period of hypotension. However, caution is necessary in interpreting cerebral venous oxygen measurements in view of the work of Eklof and Siesjo (1971) who showed that in ischaemic rat brain high energy reserves fell at a cerebral venous PO2 well above the critical value established for hypoxaemia by Schneider (1963 During the period of hypotension it was noted that cerebral blood flow was very sensitive to slight changes in the level of blood pressure. Furthermore, there was variation from one animal to another in the reduction in blood flow produced by the same reduction in pressure. Therefore not all animals were exposed to the same level of cerebral ischaemia. Another variable was the amount of surgery and blood loss which occurred before the induction of halothane hypotension; in two animals these latter factors were sufficient themselves to abolish autoregulation before the period of hypotension. On the other hand, the animal which had least surgery and presumably, then, least blood loss and which showed only a 3000 fall in the blood flow during hypotension was the only animal to show some partial maintenance of autoregulation after hypotension.
EEG monitoring has been used clinically to assess the adequacy of cerebral perfusion and our results may support this approach, since periods of electrical silence or burst-suppression were seen in all animals save the one which retained partial autoregulation. These low activity EEG patterns were not seen above a mean blood pressure of 40 mmHg or an internal carotid blood flow of 35 ml./min.
The importance of loss of autoregulation lies in the increase of intracranial pressure produced by a rise of blood pressure and in the possibility that damage to the blood brain barrier and cerebral oedema may occur when the capillary bed is not protected from sudden changes in intravascular pressure (Haggendal and Johansson, 1971/72 
